In this written version of my talk, I will restrict myself to a brief summary of our prediction on the ratio of the longitudinal to the transverse photoabsorption cross section. I refer to the recent paper [1] for details and a more complete list of references.
At low values of x ∼ = Q 2 /W 2 << 1, in terms of the imaginary part of the virtual Compton-scattering amplitude, deep inelastic scattering (DIS) proceeds via forward scattering of (timelike) quark-antiquark, qq, fluctuations of the virtual spacelike photon on the proton. In its interaction with the proton, afluctuation acts as a color dipole. A massivefluctuation is identical to the (qq) J=1 vector state originating from a timelike photon in e + e − annihilation at an e + e − energy equal to the mass, M, of thestate. Validity of the color-dipole picture (CDP) requires the lifetime of afluctuation, L, to be large,
i.e.
Besides x ≪ 1, at any given γ * p center-of-mass energy, W , the mass of the contributingstates, M, is limited. In view of the subsequent discussions, we note the relation between themass and the transverse momentum of the quark (antiquark), k ⊥ , that is given by
where 0 ≤ z ≤ 1 denotes the usually employed variable that is related to therest-frame angle between the γ * p axis and the three-momentum of the (massless) quark,
The coupling strength of a timelike photon of mass Mto astate of mass Mis determined by the longitudinal and transverse components of the electromagnetic current [2] ,
and
where j From (5) and (6), we see that the transition of a longitudinal photon to apair prefers z = 0, while a transverse photon prefers z = 0. Transverse photons produce (relatively) small-k ⊥ pairs of mass Maccording to (3) , while longitudinal photons produce (relatively) large-k ⊥ pairs. From (3) with (5) and (6), one finds that the ratio of the average transverse momenta is given by [ 
From the uncertainty relation, the ratio of the effective transverse sizes is then given by
Longitudinal photons, γ * L , produce "small-size" pairs, while transverse photons, γ * T , produce "large-size" pairs. The ratio of the average sizes is given by (8) .
a The transition from a timelike photon interacting with the proton via apair of mass Mto a spacelike photon fluctuating into a mass continuum ofvector states is provided by the CDP [4] . In a formulation that expresses the photoabsorption cross section in terms of the scattering of (qq) J=1 L,T longitudinal and transversevector states, one obtains
where, taking care of the size effect (8),
In (9) and (10), r ′ ⊥ is related to the transverse size of thepair by
To incorporate the coupling of thepair to two gluons, the (qq) J=1 interaction in (10) has to vanish as r is dominated by r ′2 ⊥ → 0, and, accordingly, from (9) with (10) and color transparency, we have for x ≪ 1 and Q 2 sufficiently large,
Equivalently, in terms of the structure functions,
In (12) and (13), the equality [5]
was used, and the value of ρ = 4 3 from (8) was inserted. The predictions (12) and (13) are independent of a specific ansatz for the color-dipole cross section. They rely on the CDP in the r ′ ⊥ representation (9) combined with color transparency and thetransverse-size effect incorporated into the proportionality (10) .
The parameter ρ from (10), making use of the first equality in (13), can be determined from measurements of DIS at different electron-proton center-of-mass energies, √ s, for fixed values of x and Q 2 . The reduced cross section of DIS is given by An interesting upper bound on R(W 2 , Q 2 ) was recently derived [7] in the usual formulation of the CDP. The bound is given by
or, in terms of ρ, ρ > ∼ 1.34.
The bound is inconsistent with helicity independence, ρ = 1, and, strictly speaking, with our prediction of ρ = 1.33 from (7). The usual CDP that implies the bound (17) is not explicitly formulated in terms of (qq) J=1 vector state scattering and, in particular, it contains an r ⊥ -dependent dipole cross section that is independent of z(1 − z). If a z(1 − z) dependence is allowed, the derivation of the upper bound (17) fails. The predictions from the ansatz for the color-dipole cross section in ref. [8] are compared [9] with H1 data extracted from measurements of F 2 (W 2 , Q 2 ) under theoretical input assumption.
An example for a z(1 − z)-dependent dipole cross section is given by our ansatz [8] . It contains helicity independence and provides a successful representation of the experimental data for the total photoabsorption cross section. In fig. 1 , we show the longitudinal photoabsorption cross section [9] compared with data available at the time [10] . Under theoretical input assumptions, the data were extracted by the H1 collaboration from the measured structure function F 2 (W 2 , Q 2 ). There is a tendency for the theoretical prediction, based on ρ = 1, to overestimate the data, thus requiring ρ > 1.
The starting point of the present work is the CDP in a representation ("r ′ ⊥ -representation") that explicitly factorizes γ * p scattering into three distinct steps, γ * (qq) J=1 L,T coupling, propagation and scattering on the proton. Independently of the specific prediction on the parameter ρ, it is worth to be stressed that the separation data directly, via measurement of ρ, determine the relative magnitude of the scattering of longitudinally versus transversely polarized massive (qq) J=1 vector states on the proton.
